2 Of particular importance is the in situ oxidation of the homoenolate to the α,β-unsaturated acyl azolium (Scheme 1).
Scheme 1. Oxidation of the homoenolate to the α,β-unsaturated acyl azolium.
As a reaction intermediate, the unsaturated acyl azolium have been exploited in, for example, oxidative esterifications, 3 macrocyclization, 4 annulation reactions 5 and cyclo-additions 6 creating possibilities for broad molecular complexity. However, the majority of these reactions rely on the addition of a high molecular weight oxidant such as Kharasch oxidant 1. 7, 8 Taking into account, the price, separation and disposal of waste (hydroquinone) of the oxidant it is clear that oxidants, such as 1, presents a significant obstacle in terms of scale-up, sustainability and economy. A more atom efficient strategy would be to use environmentally friendly oxidants such as air (O2). 9 It is highly desirable to use O2 as a terminal oxidant since it is inexpensive, non-toxic, has a high efficiency of weight per oxidant, with formation of water as the sole byproduct. In oxidative NHC catalysis, direct oxidations with O2 involving α,β-unsaturated aldehydes are reported to give carboxylic acids (Scheme 2a α,β-Unsaturated aldehydes, in the presence of NHCs, are known to undergo several distinct reactions to give, for example, saturated esters (4), 22 unsaturated carboxylic acids (5), 10a, 10b and γ-butyrolactones (6). 23 Thus, selectivity towards the unsaturated ester 3 would give a good measure of the selectivity in the oxidation event. Initial screening, in open reaction vessels, revealed that quinone 1 alone was indeed possible to use in substoichiometric quantities 24 in the oxidative esterification of aldehyde 2. The reaction gave 3 in 24% yield after 7h along with several byproducts from competing reaction paths (entry 2). To test our hypothesis of the possibility to combine oxidative NHC catalysis and a coupled system of ETMs for electron transfer, we investigated the effect of an additional ETM. A drastic improvement was achieved when performing the reaction in the presence of 1 and iron phthalocyanine (FePc [0.0055 equiv.]) with almost full conversion after 4h (entry 3). Notably, the reaction proceeds with a slightly better efficiency as compared to the stoichiometric reaction (entry 1). Further screening revealed that quinone 1 could be replaced with 2,6-di-tert-butylphenol (7) with equivalent efficiency (85% yield). Phenol 7 is the precursor in the synthesis of 1 and under our reaction conditions 1 is readily formed in situ. 7 Additionally, 7 is a much cheaper reagent than 1 and therefore became the ETM-precursor of choice (entry 4). Thereafter, different NHC precatalysts were investigated (Table 1 , entries 5-7) with A proving superior as precatalyst. Furthermore, the loading of the NHC precatalyst is important: loadings higher than 0.02 equiv. results in lowered reaction efficiency (compare entry 4 with 8 and 9). Mechanistically, elimination experiments show that reactions performed without 7 stops after 100 minutes at 40% yield ( Figure  1 ). If FePc is removed from the reactions a similar trend is observed. Without 7 or FePc the reaction reaches 30% yield and then stops. In all control experiments full conversion of starting material can be noted indicating competing background reactions.
In the reactions performed without 7 a possible background reaction is the formation of a peracid. An indirect evidence of this is the isolation of carboxylic acid after aqueous work up. This is in agreement with previous reports that suggests that the homoenolate intermediate (Figure 2, II) is oxidized in the presence of O2 to a peroxo-species (III) rather than to the acylazolium intermediate (IV 25 and 1 (E = -0.52, -0.89 V vs SCE).
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Figure 2. Catalytic cycle for the aerobic oxidative esterification of aldehydes.
Having found our optimal reaction conditions for the oxidative esterification of α,β-unsaturated aldehydes the scope of the reaction was investigated ( Table 2 ). The reaction proceeds in good to excellent yield for a range of methyl cinnamates incorporating both electron donating and electron withdrawing substituents (entries 1-7). For example, halogen substituents are well tolerated on the aromatic ring and both 4-chloro and 4-fluoro methyl cinnamates can be isolated in 87% and 73% yield, respectively (entries 2 and 3). The reaction is also compatible with a broad range of alcohols yielding the corresponding α,β-unsaturated esters in high to excellent yields (72-98% yield, entries 8-16). For example, allyl and benzyl alcohols give their corresponding esters in 78% and 98% yield, respectively (entries 10 and 11). Moreover, methoxycinnamates such as, Amiloxate 19 and Octinoxate 20, two out of several sunscreening agents that are based on a 4-methoxycinnamate core-structure, were both isolated in 72% yield. 28 Diols such as, 1,4-butanediol was efficiently converted to the unsaturated ester 22 in 74% yield with only traces of the diacylated byproduct found in the reaction mixture. Aliphatic α,β-unsaturated aldehydes proved to be difficult substrates and 2-hexenal and citral gave sluggish reactions. Nonetheless, conjugated aldehyde worked well and sorbic aldehyde, provided ester 23 in 69% yield. Furthermore, the reaction is scalable and compound 12 could be isolated in 1.5 g, 95% yield (entry 11). In addition, with regard to the oxidants, this reaction requires only 26.7 mg of 7 and 18.9 mg of FePc. In comparison, the anaerobic stoichiometric oxidation would need at least 2.48 g of quinone 1 to achieve a similar result. The oxidative esterifications run very clean, none of the expected byproducts can be detected on crude NMR, which simplifies purification. It also signifies the very high selectivity in each catalytic step of this multi-component reaction. Moreover, the method provides a mild direct access to unsaturated esters from aldehydes, which circumvents oxidation to the carboxylic acid that traditionally is the starting point in ester formations. Recycling experiments showed that addition of new starting materials to the reaction vessel was successful and compound 3 could be obtained in average 71% yield over three cycles (see supporting information). These results confirm that the catalytic system is not degraded over the course of the reaction and that it would be possible to design a system for recover and reuse. Encouraged by the efficiency of our simple aerobic multistep electron transfer NHC catalysis the reaction was further examined for compatibility with other reactions such as conjugate additions. Accordingly, 1,3-ketoesters and 1,3-diketones were investigated as nucleophiles in combination with cinnamaldehyde (Scheme 3). 5a , 5c, 29
The approach proved viable and lactone 24-26 could be isolated in 92, 80 and 82% yield, respectively. These reactions require a slightly higher loading of both ETMs and NHC but instead the loading of the base can be reduced.
In summary we have developed a new strategy relying on ETMs for aerobic oxidative NHC-catalyzed reactions. The in situ oxidation of the homoenolate to the unsaturated acyl azolium, is general, here exemplified with oxidative esterifications and oxidative Michael-additions of 1,3-dicarbonyl compounds to α,β-unsaturated aldehydes. The reactions have a broad substrate scope and the products can be isolated in good to excellent yields. The use of O2 in the form of air as the terminal oxidant, offers an environmentally friendly and inexpensive way to scaleup the important chemistry of oxidative NHC catalysis. In the lab we are currently exploring other forms of aerobic oxidative multistep electron transfer NHC-catalyzed reactions.
